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RINGKASAN
Nilai quotien fotosintesis (P. Q) pada tiap-tiap kedalaman bagi sungai-sungai di Trengganu didapati
dalam keadaan rendah disebabkan oleh ketinggian paras-paras nitrogen ammonia semula jadi dalam air,
nilainya dian tara 1.2-0.8. Berlain dari keadaan-keadaan terdapat di kawasan berhawa sederhana didapati
ketinggian kadar-kadar kandungan nitrat akan menambahkan nilai-nilai P.Q dari 1.5 kepada 2.0. Penjelasan-
nya ialah nitrat bukannya ammonia akan menghasilkan dua molekul oksigen tambahan bagi tiap-tiap
molekul nitrogen nitrat yang telah diassimilasikan menghasilkan penambahan ketinggian nilai-nilai P. Q
Walaubagaimana pun kajian-kajian tertentu sekarang menunjukkan perseimbangan dengan keadaan terdapat
pada phytoplankton merin (yaini, P. Q 1.2) apabila ammonia adalah sumber utama bagi nitrogen.
SUMMARY
Photosynthetic quotient (P. Q) values with depth of rivers in Trengganu were found to be lowered
by high levels of indigenous ammonium nitrogen, ranging from 1.2 -0.8, contrary to temperate conditions
where high levels of nitrate increase the P. Q values from 1.5 to 2.0. This is attributed to the fact that
nitrate, in lieu of ammonia, produces two extra molecules of oxygen per atom of nitrate nitrogen
assimilated, culminating in higher P. Q values. Nevertheless, the present findings tally well with that of
marine phytoplankton (ie. P.Q is 1.2) when ammonia is the prime source of nitrogen.
INTRODUCTION
Studies on photosynthetic quotient values
in the tropical aquatic environment, especially
estuarine or brackish waters which act as a nutrient
trap or sink are limited. In this connection an
investigation on the correlation of photosynthetic
quotient values with nutrient contents and other
related environmental factors of rivers in Trengganu
was undertaken. This paper discusses the findings
of this investigation.
METHOD
The study was carried out on rivers in
Trengganu at three predetermined stations, viz.
Manir Bridge, Nerus Bridge and Mengabang Telipot
moat water with regard to productivity quotient
values, inorganic nitrogen contents and other
related parameters according to their depth
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profiles in August 1981. Water samples from
depths of 0.3,0.7, 1.5 and 2.0 meters were brought
back in carboys immediately for analysis.
Photosynthetic values (Ilg C/ 1/h) of the
samples were determined on incubation of 125 ml
of sample water either in the dark or activic
irradiation of 30,000 lux over a period of three to
four hours at a constant temperature of 25° C.
Photosynthetic oxygen measurements were carried
out according to the method of Bryan, Riley and
Williams (1976) which has a Winkler titration
coefficient variation of 0.1%. The 14C technique
used is that described by Steemann Nielsen (1952).
Here, a 1/0.5 m1 aliquot of stock NaHI4 C0 3 with
an activity of 5 Ilg/Ill was added to the samples
prior to incubation. The experiments were ter-
minated by filtering the water samples through
0.5 11 membrane filters, dried, and fumed over
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Fig. Map showing sampling stations from various rivers in Trengganu.
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liquid scintillating counter. The calibration of the
radioactive counting counter, the determination
of stock NaH14 C03 activity, and determination of
14C extracellular dissolved organic material were
carried out according to the method of Williams
et ai., (1976) and Raine (1973). CWorophyll 'a'
concentration of the sample was determined
according to the method by SCOR/UNESCO
working group 17 (1966). .
Determination of ammonium was carried out
by the Shamsudin (1979) modified method of
Solorzano's (1969). Nitrate nitrogen was deter-
mined by the colorimetric cadmium-copper
amalgam reduction method while reactive phos-
phorus by the colorimetric ascrobic molybdate
method (Strickland and Parson, 1972). Salinity,
conductivity and temperature of the stations were
determined using the normal standard method.
RESULTS
The photosynthetic quotient (P.Q) values
ranged from 1.20-1.14, 1.10-0.87, and 1.05-0.84
with depth at Manir Bridge, Nerus Bridge and
Mengabang Telipot moat water respectively,
indicating higher values in surface water (Table la,
b, c). Similar tendencies were also observed for
respiration values which ranged from 42.2-41.9,
43.3-37.9 and 50.6-46.3 as percent of gross
photosynthesis.
CWorophyll 'a' values for the three stations
ranged from 31.4-21.1, 30.5-18.4 fmd 32.8-
27.3 pgfl with their maximum at the 0.7 meter
depth. On the contrary, the ammonium nitrogen
content ranged from 13.5-11.1, 21.0-14.2 and
24.0-16.2 pg at NH; -N/l at the three stations
with the tendency of increment with depth. In all
instances the ammonium nitrogen content for the
three stations was much higher than the nitrate
nitrogen content which ranged from 4.2-4.0,
5.4-4.8 and 2.1-1.5 pg at NO; -Nfl respectively.
The surface temperature, salinity, pH and
extracellular 14C- dissolved organic matter with
depth, were relatively constant at all stations
throughout the study period.
DISCUSSION AND CONCLUSION
It is obvious from the investigation that the
photosynthetic quotient values are generally higher
in surface waters and tend to decrease with depth.
Such high photosynthetic quotient values would
only be attained if the molar oxygen concentra-
tion exceeded that of the carbon dioxide utilised
during the photosynthetic process. In this relation,
profile studies at the three stations indicate a
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decrease in photosynthetic values from the mid
water column of ca 0.7 m to deeper water. How-
ever, the subsurface water of ca 0.3 m has a lower
photosynthetic value than that of the mid water
layer. Similarly chlorophyll 'a' content at the
three stations shows trends similar to that of the
photosynthetic values. This could be attributed
to the inpenetrability of radiant energy resulting
in reduced rates in photosynthetic values with
depth. Hence, it is suggested that the increased
dissolved oxygen content near the surface increased
the molar oxygen concentration culminating in
an increased photosynthetic quotient.
It is noted that there is a relationship between
the photosynthetic quotient and the type and
concentration of inorganic nitrogen source present
in the aquatic environment. The high "ammonium
nitrogen content tends to lower the photosynthetic
quotient value. Hitherto, the effect of the nitrogen
supply on a photosynthetic quotient of growing
algal cells has not been fully recognised. However,
experiments with Chiarella (Cramer and Myers,
1948; Syrett, 1956) have shown that the photo-
synthetic quotient, which is near to 1.0 with
ammonia as a source of nitrogen, may reach 1.6
or greater in a nitrate containing medium. Raine
(1973) found that when a culture of Dunaliella
was grown in a culture medium containing no
nitrate and only ammonium as the nitrogen
source, the photosynthetic quotient value was
1.3. However, he also found that if ammonium
is omitted from the culture medium, and when
only nitrate is present, the photosynthetic quotient
increases to 1.8 and 2.0. Eppley (1969), has
further shown that the uptake velocities of ammo-
nium and nitrate are not independent of one
another. Bienfang (1975), however, gives evidence
to suggest that under nitrogen limiting conditions,
the uptake of ammonium and nitrate is competi-
tive, not suppresive. Similarly, Antiaetal., (1963)
using algal populations in a large volume plastic
sphere, found that the uptake of nitrogen source
was also competitive. Ryther et ai., (1971) in his
investigation of primary production in the up-
welling area of Peru observed that the concentra-
tion of nitrate in the water was 20 pg at NO; -N/l
and -its photosynthetic quotient value was 2.
Unfortunately, no datum is available for ammo-
nium nitrogen concentrations, but it can be
assumed that competitive uptake of nitrate and
ammonium might have occurred.
Antia et ai., (1963) working in a temperate
situation obtained a photosynthetic value of
2.4. Raine (1973) working on a temperate
estuary found the indigenous content of nitrate
Table I
(a) Sg. Manir Productivity of Trengganu rivers
--
Stations Temp. Sal ChI'a' NH+ NO- Extracellular Resp Net PS Gross PS 14C-PSdepth
°c
pH % Ilg/1 Ilg 4 at/I Ilg3 at/I 14C-D.O.M. % Gross % Gross Ilg Oz/1/h Ilg C/1/h P.Q(m) (%14C-PS) PS PS
0.3 28.0 7.0 4 21.1 11.1 4.0 3.8 42.2 57.8 190.3 158.6 1.20
0.7 27.5 7.1 4.5 31.4 12.4 4.1 4.0 43.7 56.3 400.9 342.7 1.17
1.5 27.5 7.0 4 23.7 12.7 4.2 3.9 40.8 59.2 216.5 188.3 1.15
2.0 27.5 7.0 4 23.1 13.5 4.1 4.1 41.9 58.1 223.8 196.3 1.14
(b) Sg. Nerus r"
tr.l
::r:
00 0.3 28.0 7.1 6.0 18.4 15.7 5.2 3.8 39.1 60.7 175.4 192.8 1.11 ~
tr.l
0.7 27.5 7.0 6.5 30.5 14.2 4.9 3.9 43.3 56.7 390.1 354.6 1.10 ctl
l-l
1.5 27.5 7.0 6.0 18.9 16.1 4.8 4.0 38.0 62.0 214.9 204.7 1.05 Z
2.0 27.5 7.1 6.5 18.2 21.0 5.4 4.1 37.9 62.1 176.7 203.1 0.87
(c) Mengabang Moat
0.3 28.0 7.0 3 29.4 16.2 1.5 4.1 50.6 41.4 341.7 325.0 1.05
0.7 27.5 7.1 3.5 32.8 18.2 1.9 3.9 46.3 53.7 453.2 487.3 0.93
1.5 27.5 7.1 3 28.0 19.5 1.7 3.7 47.0 53.0 352.3 391.4 0.90
2.0 27.5 7.1 3 27.3 24.0 2.1 4.2 47.6 52.4 322.6 384.1 0.84
Note: D.O.M: dissolued organic matter
PS: Photosynthesis.
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to be much higher than that of ammonia by a
factor of 5 (i.e. indigenous nitrate as 20 J1g. at Nil
and that of ammonium as 4.5 J1g at Nil and
its photosynthetic quotient value as 1.8-2.0).
Williams (1976) suggested that utilisation of
nitrate, in place of ammonia, would result in the
production of two molecules of oxygen for every
molecule of ammonium nitrogen assimilated, if
one assumed nitrate assimilation to obey the
following stochiometric
The effect of nitrate utilisation is to increase
the molar oxygen produced and as such its photo-
synthetic quotient values increased. Hence this
investigation verifies the fact that there is an
intimate relationship between the ammonium
nitrogen content and nitrate nitrogen content
in tropical estuarine water columns in relationship
to the P.Q values. In the water columns of
Trengganu rivers, the governing factor appears
to be ammonium nitrogen content which increases
with depth.
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